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(57) ABSTRACT

Each execution computer measures a load on each execution
computer, generates a job request including information
about the number of executable divided jobs based on the
measured load, and sends the generated job request to a
management computer which manages each execution com-
puter. The management computer receives the job request and
assigns as many divided jobs as the number of divided jobs
designated by the job request to each execution computer.
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FIG.5
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FIG.9

( JOB REQUEST UNIT )

ACQUIRE MULTIPLICITY, THE NUMBER OF
EXECUTED JOBS, AND LATEST THROUGHPUT | S21
VALUE FROM COMPUTER INFORMATION TABLE

SET VALUE OF [MULTIPLICITY - NUMBER OF S22
EXECUTED JOBS] TO NUMBER OF DIVISION —
JOBS IN DIVISION JOB REQUEST TABLE

SET AVERAGE OF PREVIOUS EXECUTION TIMES TO |~ S§23
SCHEDULED TIME IN DIVISION JOB REQUEST TABLE

SET LATEST THROUGHPUT VALUE TO __—S24
DIVISION JOB REQUEST TABLE

SEND DIVISION JOB REQUEST TABLE TO JOB 825
SCHEDULE UNIT FOR MANAGEMENT COMPUTER

oo
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FIG.10

MULTIPLICITY
MEASUREMENT UNIT

S31
MEASURE EXECUTION TIME WITH TIMER
LOAD STATUS S32
OBSERVATIONTIME T > /
(CURRENT TIME - TIME WHEN LOAD

STATUS WAS OBSERVED
LAST TIME

S33

MEASURE LOAD STATUS

S34

*|F THROUGHPUT HAS INCREASED AS COMPARED
TO LAST TIME, INCREASE MULTIPLICITY

IF THROUGHPUT HAS DECREASED AS COMPARED
TO LAST TIME, DECREASE MULTIPLICITY

S35

REGISTER DECIDED MULTIPLICITY IN
COMPUTER INFORMATION TABLE
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FIG.13

LOAD STATUS
MEASUREMENT UNIT

US 9,244,721 B2

ACQUIRE THE NUMBER

OF DIVISION JOBS THAT

TERMINATED WITHIN T HOURS, FROM
EXECUTION STATUS TABLE

—— S41

CALCULATE THR

OUGHPUT VALUE

—— S42

REGISTER THE CALCULATED THROUGHPUT
VALUE IN COMPUTER INFORMATION TABLE

—— 543
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FIG.14

( JOB EXECUTION UNIT )
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FIG.15

(MANAGEMENT COI\/IPUTER)

US 9,244,721 B2

INPUT GRID JOB

L~ S61

DIVIDE DATA

-~ S62

( END

)

FIG.16

( JOB INPUT UNIT )

REGISTER JOB INFORMATION IN JOB INFORMATION TABLE

( END

)
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FIG.17

( DATA DIVISION UNIT )

US 9,244,721 B2

ACQUIRE JOB INFORMATION
REGISTERED IN JOB INFORMATION TABLE

- S81

DIVIDE DATA BY THE NUMBER OF
DIVISIONS INCLUDED IN JOB INFORMATION

|~ S82

ASSOCIATE DIVIDED DATA WITH PROGRAM
INCLUDED IN JOB INFORMATION AND REGISTER
THEM IN JOB INFORMATION TABLE

_~S83
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FIG.18
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FIG.19

(}OBMONWOMNG
UNIT

o

I MEASURE EXECUTION TIME WITH TIMER }—— S91

I

ACQUIRE JOB INFORMATION | 509

REGISTERED IN JOB INFORMATION
TABLE

S93
DIVISION
JOB TERMINATION NOTICE
HAS ARRIVED?

Yes S94

ACQUIRE JOB INFORMATION
No FROM JOB INFORMATION TABLE

S95
TRUE

SCHEDULE
STATUS OF TARGET
DIVISION JOB
S96

CHANGE SCHEDULE STATUS OF
JOB INFORMATION TABLE FROM
RUN TO TRUE
i

S97
CURRENT

TIME < SCHEDULED
TERMINATION TIME
?

.Yés

FETCH DIVISION JOBFROM JOB | _— ggg
INFORMATION TABLE AND CHANGE
SCHEDULE STATUS TO FALSE
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FIG.20

( JOB SCHEDULE UNIT )
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>T<

MEASURE EXECUTION TIME WITH TIMER — S101

No

JOB
SCHEDULE TIME T
< (CURRENT TIME — TIME SCHEDULED
LAST TIME)

THE ORDER OF THROUGHPUT

FETCHALL JOB REQUESTS — 5103

REARRANGE JOB REQUESTS IN 5104

FETCH THE NUMBER OF REQUESTED ~— $105

DIVISION JOBS FROM TOP REQUEST

|

FETCH DIVISION JOB FROM JOB INFORMATION
TABLE AND CHANGE SCHEDULE STATUS TO TRUE

— S106

ACQUIRE INFORMATION ABOUT DIVISION
JOB FROM JOB INFORMATION TABLE

—~ 5107

FETCH JOB WHOSE SCHEDULE STATUS
IN JOB INFORMATION TABLE IS FALSE

—~— 35108

ACQUIRE INFORMATION ABOUT JOB TERMINATION
TIME (SCHEDULED TIME) FROM DIVISION JOB
REQUEST TABLE AND CALCULATE SCHEDULED
TERMINATION TIME

35109

REGISTER THE CALCULATED SCHEDULED
TERMINATION TIME IN JOB INFORMATION TABLE
WITH RESPECT TO DIVISION JOB WHICH

HAS BEEN SET TO FALSE
e o

3110

SEND REQUEST RESPONSE TABLE

I~ S111

S112

ANY
DIVISION JOB REQUEST FROM
EXECUTION’?COMPUTER

No




U.S. Patent Jan. 26, 2016 Sheet 19 of 20 US 9,244,721 B2

FIG.21

ﬁ1 4 16 /1 8
EXECUTION EXECUTION EXECUTION QS%%'\E/ELATED
t(sec)l  COMPUTERA COMPUTER B coMPUTERC  |NIMBER

(1 1(1) (1)

1 @ @ @ 3

T=1(s) T=1(s) T=1(s)

3(3) 2(2) 2(2)

2 @ 10
4(4) 2(2) 2(2)

3 @ @ @ 18
5(5) 2(2) 2(2)

4 @ @ @ 27
5(5) 3(3) 2(2)

S @ @ @ 37
6(6) 3(3) 2(2)

6 @ @ @ 48
6(6) 3(3) 2(2)

/ @ @ @ 59
6(6) 3(3) 2(2)

8 @ @ @ 70
6(6) 4(4) 2(2)

o @ @ @ 82
(7 4(4) 2(2)

10 @ @ @ 95
5(8) 0(4) 0(3)

1 100
END END END
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FIG.22
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o
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0 R 90
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1
COMPUTER SYSTEM AND DIVIDED JOB
PROCESSING METHOD AND PROGRAM

TECHNICAL FIELD

The present invention relates to a computer system and
divided job processing method and program for managing
jobs including a program for processing data by dividing the
jobs into a plurality of divided jobs.

BACKGROUND ART

When a financial institution or the like executes, for
example, daily processing or monthly processing, they some-
times process a large amount of data offline by means of batch
processing. Under this circumstance, a method for distribut-
ing a large amount of data on a cluster of computer devices
and executing parallel processing on them is suggested (see
Patent Literature 1).

Patent Literature 1 describes that when a master process
receives input data, it divides the received input data into
smaller units and locates the divided data at a plurality of
worker processes and each worker process processes the data
which are divided into smaller units, returns the processing
results to the master process and the master process summa-
rizes the processing results of each worker process.

Even if a worker process which cannot execute processing
occurs due to a failure at a plurality of servers or storage
apparatuses, the method described in Patent Literature 1
makes it possible to reset the processing to another worker
process instead of the worker process in which the failure has
occurred.

Moreover, when processing data, a method for distributing
the data to a plurality of distribution processing apparatuses
(execution computers) and having them process the distrib-
uted data and having one distribution processing control unit
(management computer) manage the processing status of
each distribution processing apparatus is suggested (see
Patent Literature 2). Patent Literature 2 describes that the
management computer monitors a load on each execution
computer and distributes jobs preferentially to an execution
computer with a small load.

CITATION LIST
Patent Literature

[Patent Literature 1] U.S. Pat. No. 7,650,331
[Patent Literature 2] International Publication No. W0O2004/
086246

SUMMARY OF INVENTION
Problems to be Solved by the Invention

According to Patent Literature 1, job scheduling is per-
formed by one master process. So, when many jobs are dis-
tributed to each worker process at once, the load on the master
process becomes very heavy. Moreover, according to Patent
Literature 2, a job execution status and the load of each job are
managed by the management computer. Thus, when the man-
agement computer distributes many jobs to each execution
computer at once, the management computer needs to recog-
nize the status of each execution computer and the bad on the
management computer becomes very heavy.

The present invention was devised in consideration of the
above-described problem and it is one of its objectives to

10

15

20

25

30

35

40

45

50

55

60

65

2

provide a computer system and divided job processing
method and program capable of reducing a load on a man-
agement computer for managing a plurality of execution
computers.

Means for Solving the Problems

In order to achieve the above-described object, provided
according to the present invention is a computer system that
uses a computer as a management computer, among a plural-
ity of computers, for dividing a job including data and a
program for processing the data into a plurality of divided
jobs and managing them, and has a plurality of execution
computers for executing divided jobs assigned by the man-
agement computer among the plurality of divided jobs,
wherein each execution computer generates a job request
including information about the number of the divided jobs
based on a load on each execution computer and sends the
generated job request to the management computer, and
wherein when the management computer receives the job
request from each execution computer, it assigns a divided
job(s) to each execution computer according to the number of
divided jobs included in the job request.

Advantageous Effects of invention

According to the present invention, it is possible to reduce
a load on the management computer for managing a plurality
of execution computers.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a configuration diagram for explaining an overall
configuration of a computer system according to an embodi-
ment to which the present invention is applied.

FIG. 2 is a configuration diagram of a job information table
managed by a management computer.

FIG. 3 is a configuration diagram of an execution status
table managed by the management computer.

FIG. 4 is a configuration diagram of a request response
table managed by the management computer.

FIG. 5 is a configuration diagram of an execution status
table managed by an execution computer.

FIG. 6 is a configuration diagram of a computer informa-
tion table managed by the execution computer.

FIG. 7 is a configuration diagram of a divided job request
table managed by the execution computer.

FIG. 8 is a flowchart for explaining processing of the entire
execution computer.

FIG. 9 is a flowchart for explaining processing of a job
request unit.

FIG. 10 is a flowchart for explaining processing of a mul-
tiplicity measurement unit

FIG. 11 is a diagrammatic drawing for explaining the rela-
tionship between a throughput value and multiplicity.

FIG. 12 is a diagrammatic drawing for explaining the rela-
tionship between the throughput value and the multiplicity.

FIG. 13 is a flowchart for explaining processing of a load
status measurement unit.

FIG. 14 is a flowchart for explaining processing of a job
execution unit.

FIG. 15 is a flowchart for explaining processing of the
management computer.

FIG. 16 is a flowchart for explaining processing of a job
input unit.

FIG. 17 is a flowchart for explaining processing of a data
division unit.
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FIG. 18 is a diagram for explaining processing of the job
input unit and the data division unit.

FIG. 19 is a flowchart for explaining processing of a job
monitoring unit.

FIG. 20 is a flowchart for explaining processing of a job
schedule unit.

FIG. 21 is a diagram for explaining a method for distrib-
uting divided jobs in each execution computer.

FIG. 22 is a diagram showing a display example for a
monitor screen for the number of simultaneously executed
jobs in each execution computer.

DESCRIPTION OF EMBODIMENTS

This embodiment is a system having a management com-
puter, among a plurality of computers, for diving a job into a
plurality of divided jobs and managing them and two or more
execution computers for executing divided jobs assigned by
this management computer, wherein each execution com-
puter measures a load on the present computer, generates a
job request including information about the number of
executable divided jobs based on the measured load, and
sends the generated job request to the management computer,
and the management computer assigns as many divided jobs
as designed by the received job request to the execution
computer which is a requestor.

An embodiment of the present invention will be explained
with reference to diagrams. FIG. 1 is a configuration diagram
showing an example of a computer system to which the
present invention is applied.

Referring to FIG. 1, a computer system 10 includes a
management computer 12 and a plurality of execution com-
puters 14, 16, 18; and the management computer 10 and each
execution computer 14, 16, 18 are connected to each other via
a network 20.

The management computer 12 is a computer equipped
with, for example, a CPU (Central Processing Unit), a storage
apparatus, a memory, and an input/output device (any of
which is illustrated in the drawing); and the storage apparatus
stores, for example, various tables and the memory stores, for
example, various programs.

For example, the storage apparatus composed of a plurality
of storage devices stores a job information table 30 and the
memory stores a job input unit 32, a data division unit 34, a
job monitoring unit 36, and a job schedule unit 38.

The job input unit 32 is configured by activation of a
program stored in the memory, such as a job input program,
by the CPU. Similarly, the data division unit 34, the job
monitoring unit 36, and the job schedule unit 38 are config-
ured by activation of programs stored in the memory, such as
a data division program, a job monitoring program, and a job
schedule program, respectively, by the CPU.

Each execution machine 14, 16, 18 is a computer equipped
with, for example, a CPU, a storage apparatus, a memory, and
an input/output device (any of which is illustrated in the
drawing); and the storage apparatus stores, for example, vari-
ous tables and the memory stores, for example, various pro-
grams.

For example, the storage apparatus composed of a plurality
of storage devices stores an execution status table 40 and a
computer information table 42 and the memory stores a job
request unit 44, a multiplicity measurement unit 46, a load
status measurement unit 48, and a job execution unit 50.

The job request unit 44 is configured by activation of a
program stored in the memory, such as a job request program,
by the CPU. Similarly, the multiplicity measurement unit 46,
the load status measurement unit 48, and the job execution
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unit 50 are configured by execution of'a multiplicity measure-
ment program, a load status measurement program, and a job
execution program, respectively, by the CPU.

The management computer 12 divides a job including data
and a program for processing the data, such as a grid job, into
a plurality of divided jobs and manages them. Under this
circumstance, the management computer 12 manages the
divided jobs by using various tables.

Next, FIG. 2 shows a configuration diagram of the job
information table 30.

Referring to FIG. 2, the job information table 30 is a table
to divide a grid job into a plurality of divided jobs and manage
them and is constituted from a grid job name field 30A, a
number-of-divisions field 30B, a divided job name field 30C,
a program name field 30D, a divided data field 30E, a sched-
uled termination time field 30F, and a schedule status field
30G.

The grid job name is a name for identifying a grid job. An
entry of the grid job name field 30 A stores, for example, “Grid
Job A” as a grid name.

The number of divisions is the number of divisions used
when dividing a grid job into a plurality of divided jobs. An
entry of the number-of-divisions field 30B stores, for
example, “100” when a grid job is divided into 100 divided
jobs.

The divided job name is information about a name for
identifying each divided job. An entry of the divided job name
field 30C stores, for example, “Job 17 as the name ofa divided
job.

The program name is information for identifying a name of
aprogram used for each divided job. An entry of the program
name field 30D stores, for example, “Program A” as the name
of'a program used for each divided job.

The divided data is information about a name for identify-
ing divided data used for each divided job. An entry of the
divided data field 30E stores the name of divided data used for
each divided job by associating it with the relevant program.
For example, if divided data used for Job 1 is “Data 1,” “Data
1” is stored in an entry of the divided data field 30E as the
divided data used for Job 1.

The divided job used herein means a job including divided
data and a program for processing the divided data. Moreover,
adata amount of the divided data included in each divided job
is set to be uniform.

The scheduled termination time is information indicating
scheduled termination time when each divided job is
executed by the execution computer. An entry of the sched-
uled termination time field 30F stores the scheduled termina-
tion time when each divided job is executed by the execution
computer.

The schedule status is information indicating the schedule
status of each divided job. An entry of the schedule status field
30FE stores: “TRUE” when the execution of each divided job
is terminated by the execution computer, and “RUN” when
each divided job is being executed by the execution computer.
Furthermore, in a state where each divided job has not been
executed by the execution computer, that is, in an unsched-
uled state, an entry of the schedule status field 30E stores
“FALSE”

Next, FIG. 3 shows a configuration diagram of the execu-
tion status table 60.

Referring to FIG. 3, the execution status table 60 is a table
used by the job monitoring unit 36 to manage the execution
status of each execution computer 14, 16, 18 based on the
information acquired from each execution computer 14, 16,
18 and is constituted from an execution computer name field
60A, a number-of-requested-divided-jobs field 60B, a
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throughput value field 60C, a number-of-executed-jobs field
60D, and a scheduled time field 60E.

The execution computer name is a name for identifying the
execution computer 14, 16, 18. Regarding an entry of the
execution computer name field 60A, for example, a first entry
stores “Execution Computer A” when the name of the execu-
tion computer 14 is “Execution Computer A.” Furthermore,
when the name of the execution computer 16 is “Execution
Computer B,” a second entry of the execution computer name
field 60A stores “Execution Computer B.” Similarly, when
the name of the execution computer 18 is “Execution Com-
puter C.” a third entry of the execution computer name field
60A stores “Execution Computer C.”

The number of requested divided jobs is information indi-
cating the number of divided jobs requested by each execu-
tion computer 14, 16, 18. An entry of the number-of-re-
quested-divided-jobs field 60B stores the number of divided
jobs requested by each execution computer 14, 16, 18. For
example, if the execution computer 14 requests three divided
jobs as the divided jobs, a first entry of the number-of-re-
quested-divided-jobs field 60B stores “3.”

The throughput value is information indicating the number
of divided jobs which can be processed in unit time (sec) by
each execution computer 14, 16, 18.

An entry of the throughput value field 60C stores the num-
ber of execution jobs which can be processed in unit time
(sec) by each execution computer 14, 16, 18. For example, if
the execution computer 14 can process six divided jobs in unit
time (sec), a first entry of the throughput value field 60C
stores “6.”

The number of executed jobs is information indicating the
number of divided jobs which are being executed by each
execution computer 14, 16, 18.

An entry of the number-of-executed-jobs field 60D stores
the number of divided jobs which are being executed by each
execution computer 14, 16, 18. For example, if the execution
computer 14 processes three divided jobs, a first entry of the
number-of-executed-jobs field 60D stores “3.”

The scheduled time (sec) is information indicating esti-
mated time (sec) required for each execution computer 14, 16,
18 to execute one divided job.

An entry of the scheduled time field 60E stores the esti-
mated time (sec) required for each execution computer 14, 16,
18 to execute one divided job. For example, if the time
required for the execution computer 14 to execute one divided
job is 5 seconds, a first entry of the scheduled time field 60E
stores “5.”

Next, FIG. 4 shows a configuration diagram of the request
response table 62.

Referring to FIG. 4, the request response table 62 is a table
used by the job schedule unit 38 to assign a divided job to each
execution computer 14, 16, 18 and is constituted from a
distributing execution computer name field 62A, a program
name 62B, and a divided data field 62C.

When the job schedule unit 38 assigns a divided job to an
execution computer, the distributing execution computer
name is information about an execution computer name for
identifying the execution computer to which the divided job is
assigned.

When the job schedule unit 38 assigns each divided job to
an execution computer, an entry of the distributing execution
computer name field 62A stores the execution computer name
for identitying the execution computer to which the relevant
divided job is assigned. For example, if the location to which
the divided job is assigned is the execution computer 14, a
first entry of the distributing execution computer name field
62A stores “Execution Computer A
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The program name is information about the name of a
program used for a divided job. An entry of the program name
field 62B stores information for identifying the name of a
program used for the execution computer to which the rel-
evant divided job is assigned. For example, if “Program A” is
used as the program by the execution computer 14, a first
entry of the program name field 62B stores “Program A.”

The divided data is a name for identifying divided data used
for each divided job.

An entry of the divided data field 62C stores divided data
used for each divided job corresponding to the program. For
example, if the divided data used by the execution computer
14 are “Data 3, Data 4, and Data 5,” a first entry of the divided
data field 62C stores “Data 3, Data 4, and Data 5.

Next, FIG. 5 shows a configuration diagram of the execu-
tion status table 40.

Referring to FIG. 5, the execution status table 40 is a table
used by each execution computer 14, 16, 18 to manage the
execution status when they execute each divided job and is
constituted from a job ID field 40 A, a divided job name field
40B, and a job termination time field 40C. Incidentally, job
start time for specifying time when each execution computer
14, 16, 18 starts executing each divided job can be added to
the execution status table 40.

The job ID is an identifier for uniquely identifying each
divided job.

An entry of the job ID field 40A stores an identifier for
identifying each divided job. For example, if the identifier of
the divided job is “1,” an entry of the job ID field 40 A stores
“ »

The divided job name is information about a name for
identifying each divided job.

An entry of the divided job name field 40B stores the name
for identifying each divided job. For example, if the name of
the divided job is “Job 2,” an entry of the job name field 40B
stores “Job 2.

The job termination time is information indicating termi-
nation time of each divided job executed by each execution
computer. An entry of the job termination time field 40C
stores the termination time as well as year, month, and day of
termination of each divided job executed by each execution
computer.

Next, FIG. 6 shows a configuration diagram of the com-
puter information table 42.

Referring to FIG. 6, the computer information table 42 is a
table used by each execution computer 14, 16, 18 to manage
information used when executing each divided job and is
constituted from a multiplicity field 42A, a number-of-ex-
ecuted-jobs field 42B, a load status observation time field
42C, a previous throughput value field 42D, and a latest
throughput value field 42E.

The multiplicity is information indicating the number of
simultaneously executable divided jobs when each execution
computer 14, 16, 18 executes each divided job.

An entry of each multiplicity field 42A stores the number
of divided jobs which can be executed simultaneously by
each execution computer 14, 16, 18. For example, when the
execution computer 14 can execute nine divided jobs at the
same time, an entry of the multiplicity field 42A stores “9.”

The number of executed jobs is information indicating the
number of divided jobs which are being executed by each
execution computer 14, 16, 18.

An entry of the number-of-executed-jobs field 42B stores
the number of divided jobs which are being executed by each
execution computer 14, 16, 18. For example, if the execution
computer 14 is executing six divided jobs, an entry of the
number-of-executed-jobs field 42B stores “6.”
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The load status observationtime T (sec) is time (sec) for the
load status measurement unit 48 to observe the load status.
For example, if the load status measurement unit 48 observes
the load status every second, an entry of the load status obser-
vation time field 42C stores “1.”

The previous throughput value is information indicating
the number of divided jobs executed in unit time (sec) by each
execution computer 14, 16, 18 during processing within the
previous load status observation time T. An entry of the pre-
vious throughput value field 42D stores information indicat-
ing the number of divided jobs, which were executed in unit
time (sec) by each execution computer 14, 16, 18 during the
processing executed last time, as a throughput value.

The latest throughput value is the latest information of the
information indicating the number of divided jobs executed in
unit time (sec) by each execution computer 14, 16, 18. An
entry of the latest throughput value field 42E stores, as a
throughput value, the latest information of the information
indicating the number of divided jobs executed in unit time
(sec) by each execution computer 14, 16, 18.

Next, FIG. 7 shows a configuration diagram of the divided
job request table 64.

Referring to FIG. 7, the divided job request table 64 is a
table used by each execution computer 14, 16, 18 to manage
information to request executable divided jobs from the man-
agement computer 12 and is constituted from an execution
computer name field 64A, a number-of-requested-divided-
jobs field 64B, a throughput value field 64C, a number-of-
executed-jobs field 64D, and a scheduled time field 64E.

The execution computer name is a name for identifying the
execution computer 14, 16, 18. For example, if the name of
the execution computer 14 is “Execution Computer A,” a first
entry of the execution computer name field 64A stores
“Execution Computer A.”

The number of requested divided jobs is information indi-
cating the number of divided jobs requested by each execu-
tion computer 14, 16, 18. An entry of the number-of-re-
quested-divided-jobs field 64B stores the number of divided
jobs requested by each execution computer 14, 16, 18. For
example, if the execution computer 14 requests three divided
jobs as the divided jobs, a first entry of the number-of-re-
quested-divided-jobs field 64B stores “3.”

The throughput value is information indicating the number
of divided jobs which can be executed in unit time (sec) by
each execution computer 14, 16, 18.

An entry of the throughput value field 64 stores the number
of'execution jobs which can be processed in unit time (sec) by
each execution computer 14, 16, 18. For example, if the
execution computer 14 can process six divided jobs in unit
time (sec), a first entry of the throughput value field 64C
stores “6.”

The number of executed jobs is information indicating the
number of divided jobs which are being executed by each
execution computer 14, 16, 18.

An entry of the number-of-executed-jobs field 64 stores the
number of divided jobs which are being executed (or have
been executed) by each execution computer 14, 16, 18. For
example, if the execution computer 14 is processing two
divided jobs, a first entry of the number-of-executed-jobs
field 64D stores 3.

The scheduled time (sec) is information indicating esti-
mated time (sec) required for each execution computer 14, 16,
18 to execute a divided job.

An entry of the scheduled time field 64E stores estimated
time (sec) required by each execution computer 14, 16, 18 to
execute a divided job. For example, if the time required for the
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execution computer 14 to execute a divided job is 5 seconds,
a first entry of the scheduled time field 64E stores “5.”

(Processing of Execution Computer)

Every time the load status observation time T comes, the
load status measurement unit 48 for each execution computer
14, 16, 18 measures the throughput value and the multiplicity
measurement unit 46 decides the multiplicity which makes it
possible to process the largest number of divided jobs based
on a history of the measurement results. The job request unit
44 calculates the difference between the multiplicity decided
by the multiplicity measurement unit 46 and the number of
executed divided jobs, records the calculated difference as the
number of requested divided jobs in the divided job request
table 64, and sends the recorded information of the divided
job request table 64 to the job schedule unit 38 for the man-
agement computer 12. The job execution unit 50 executes the
divided jobs sent from the job schedule unit 38. Specific
details will be explained below.

Next, processing of each execution computer will be
explained with reference to a flowchart in FIG. 8.

Firstly, the job request unit 44 for the execution computer
14, 16, 18 requests a divided job from the management com-
puter 12 based on the information recorded in the divided job
request table 64 (S11).

Then, each execution computer 14, 16, 18 judges whether
it has received the divided job from the management com-
puter 12 or not (S12).

If each execution computer 14, 16, 18 obtains an affirma-
tive judgment result in step S12, the job execution unit 50
executes the divided job sent from the management computer
12 (S13), adds one (+1) to the number of executed jobs in the
computer information table 42 (S14), and proceeds to pro-
cessing in step S15.

If each execution computer 14, 16, 18 obtains a negative
judgment result in step S12 or after the processing in step S14
terminates, the execution computer 14, 16, 18 judges whether
the execution of the divided job received from the manage-
ment computer 12 has been terminated of not (S15).

If each execution computer 14, 16, 18 obtains an affirma-
tive judgment result in step S15, it registers job termination
time, as the execution result of the divided job, in the execu-
tion status table 40 (S16), then reduces one (-1) from the
number of executed jobs in the computer information table 42
(S17), then sends termination of the divided job to the man-
agement computer 12 (S18), and returns to the processing in
step S11.

On the other hand, if each execution computer 14, 16, 18
obtains a negative judgment result in step S15, this means that
the divided job has not terminated and, therefore, each execu-
tion computer 14, 16, 18 returns to the processing in step S11.

Each execution computer 14, 16, 18 can execute divided
jobs at the multiplicity, which makes it possible to process the
largest number of divided jobs, by repeating the processing
from step S11 to step S18.

Next, processing of the job request unit for each execution
computer will be explained with reference to a flowchart in
FIG. 9.

This processing is the specific content of step S11 in FIG.
8 and is started by activation of the job request unit 44 by the
CPU.

The job request unit 44 refers to the computer information
table 42 and acquires the multiplicity, the number of executed
jobs, and the latest throughput value from the computer infor-
mation table 42 (S21).

Next, the job request unit 44 sets a value of (multiplicity—
the number of executed jobs) to the number of divided jobs in
the divided job request table 64 by associating it with each
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execution computer (S22). For example, if the multiplicity is
“9” and the number of executed jobs is “6” with respect to the
execution computer 14, “3” is set to the number of requested
divided jobs in the divided job request table 64 corresponding
to the execution computer 14.

Next, the job request unit 44 sets an average of the previous
execution time (average time) to the scheduled time in the
divided job request table 64 (S23). For example, ifthe average
time of the execution time when a plurality of divided jobs
were executed by the previous processing is 5 seconds, “5” is
set to the scheduled time in the divided job request table 64.

Then, the job request unit 44 refers to the computer infor-
mation table 42 and sets the latest throughput value as the
throughput value in the divided job request table 64 (S24).

Subsequently, the job request unit 44 generates the infor-
mation registered in the divided job request table 64 as a job
request, sends the generated job request collectively to the job
schedule unit 38 for the management computer 12 (S25), and
terminates the processing in this routine.

Next, processing of the multiplicity measurement unit for
each execution computer will be explained with reference to
a flowchart in FIG. 10.

This processing is started by activation of the multiplicity
measurement unit 46 by the CPU.

The multiplicity measurement unit 46 activates a timer,
measures that activation time as execution time (S31), and
judges whether bad status observation time T is larger than
(current time—time when the load status was observed last
time) or not (S32).

If the multiplicity measurement unit 46 obtains a negative
judgment resultin step S32, that is, if the activation time of the
timer does not exceed the load status observation time T, the
multiplicity measurement unit 46 returns to the processing in
step S31 and repeats the processing in steps S31 and S32; and
if the multiplicity measurement unit 46 obtains an affirmative
judgment resultin step S32, that is, if the activation time of the
timer exceeds the load status observation time T, the multi-
plicity measurement unit 46 proceeds to processing in step
S33.

In step S33, the load status measurement unit 48 measures
the load status of the execution computer.

Subsequently, if the throughput has increased from last
time, the multiplicity measurement unit 46 executes process-
ing for increasing the multiplicity based on the measurement
result of the load status measurement unit 48; and if the
throughput has decreased from last time, the multiplicity
measurement unit 46 executes processing for decreasing the
multiplicity (S34).

For example, if the throughput value measured by the load
status measurement unit 48 tends to increase from the
throughput value measured for the previous load status obser-
vation time T for each load status observation time T, the
multiplicity measurement unit 46 decides the latest multiplic-
ity as a value increased from the multiplicity decided for the
previous load status observation time T; and if the throughput
value measured by the load status measurement unit 48 tends
to decrease from the throughput value measured for the pre-
vious load status observation time T, the multiplicity mea-
surement unit 46 decides the latest multiplicity as a value
decreased from the multiplicity decided for the previous load
status observation time T.

Next, the multiplicity measurement unit 46 registers the
multiplicity, which was decided in step S34, in the computer
information table 42 (S35) and terminates the processing in
this routine.

Incidentally, even if the CPU for executing, for example,
the divided jobs is composed of a single core or a plurality of
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cores, the multiplicity measurement unit 46 will measure, for
example, the number of divided jobs which can be executed
simultaneously by the single core or each of the plurality of
cores within the load status observation time T.

Furthermore, if each piece of divided data has a uniform
data amount, the data amount can be used as a parameter
indicating the number of divided jobs instead of the multi-
plicity.

Next, FIG. 11 shows a diagrammatic drawing for explain-
ing the relationship between the throughput value and the
multiplicity.

Referring to FIG. 11, if the multiplicity is to be decided by
each execution computer, the multiplicity is decided based on
changes of the throughput value.

For example, if the throughput value changes as a, b, ¢, d,
e, f, g every certain period of time (sec) from time t0 to from
16, the throughput value as a result of comparison between
time 0 and time t1 becomes a-b which is a negative value and,
therefore, the multiplicity between time t1 and time t2 is
decreased to multiplicity B, which is lower than multiplicity
A between time 0 and time t1.

On the other hand, as a result of comparison of the through-
put value between time t1 and time t2, the throughput value
increases from b to ¢ and the throughput value between time
t1 and time t2 becomes c-b which is a positive value and,
therefore, the multiplicity between time t2 and time t3 is
increased to multiplicity C which is higher than multiplicity
B.

Specifically speaking, the throughput value is measured
every certain period of time (sec); and if the measured
throughput value tends to decrease, the multiplicity is
decreased; and if the measured throughput value tends to
increase, the multiplicity is increased.

If the throughput value tends to decrease, this means that
processing power of each execution computer decreases, and
the multiplicity is thereby decreased. On the other hand, ifthe
throughput value tends to increase, this means the processing
power of each execution computer is sufficient, and the mul-
tiplicity is thereby increased.

Next, FIG. 12 shows a diagrammatic drawing for explain-
ing the relationship between the maximum throughput value
and the multiplicity.

Referring to FIG. 12, if multiplicity X1 is increased to
multiplicity X2, the throughput value becomes saturated at
maximum throughput value Y1; and even if the multiplicity is
increased from X2, the throughput value will gradually
decrease from the maximum throughput value Y1.

Therefore, if the multiplicity is decided based on the
throughput value and the throughput value tends to increase,
it is desirable that the multiplicity lower than multiplicity X2
should be selected; and if the throughput value tends to
decrease, it is desirable that the multiplicity higher than mul-
tiplicity X2 should be selected.

Next, processing of the load status measurement unit for
each execution computer will be explained with reference to
a flowchart in FIG. 13.

This processing is started by activation of the load status
measurement unit 48 by the CPU.

The load status measurement unit 48 refers to the execution
status table 40 and acquires the number of divided jobs which
terminated during time T (load status observation time) from
the execution status table 40 (S41). Specifically speaking, the
load status measurement unit 48 acquires the number of
divided jobs based on the number of divided job names for
which the job termination time is registered during time T.

Next, the load status measurement unit 48 calculates the
throughput value based on the number of divided jobs which
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terminated during time T (S42), registers the calculated
throughput value as the latest throughput value in the com-
puter information table 42 (S43), and terminates the process-
ing in this routine. When this happens, the load status mea-
surement unit 48 registers the number of divided jobs, which
terminated during time T, as the number of executed jobs in
the computer information table 42.

Incidentally, the load status measurement unit 48 for each
execution computer 14, 16, 18 can measure, as a load on each
execution computer 14,16, 18, a CPU activity ratio indicating
an activity ratio when the CPU for executing, for example, the
processing on the divided jobs executes at least the processing
on the divided jobs, a memory activity ratio indicating an
activity ratio when the CPU for executing, for example, the
processing on the divided jobs uses the memory when execut-
ing the processing on the divided jobs, and an 1/O activity
ratio indicating an activity ratio when the CPU for executing,
for example, the processing on the divided jobs executes data
input/output processing, respectively.

Next, processing of the job execution unit for each execu-
tion computer will be explained with reference to a flowchart
in FIG. 14.

This processing is started by activation of the job execution
unit 44 by the CPU.

The job execution unit 44 receives a divided job sent from
the job schedule unit 38 for the management computer 12 and
executes the received divided job (S51). When this happens,
the job execution unit 44 processes divided data attached to
the received divided job in accordance with a program
attached to the received divided job; and after terminating
executing the divided job, the job execution unit 44 sends
execution termination (divided job termination notice) to the
job monitoring unit 36 for the management computer 12 and
terminates the processing in this routine.

Furthermore, the job execution unit 44 for any of the
respective execution computers 14, 16, 18 summarizes the
processing content of each execution computer 14,16, 18 and
executes the summarized processing.

(Processing of Management Computer)

Afterthe job input unit 32 for the management computer 12
accepts a grid job, the data division unit 34 divides the grid job
into a plurality of divided jobs, associates the divided jobs
with the relevant program and registers them in the job infor-
mation table 30, and creates the divided jobs. Every time a
divided job request (job request) is issued from each execu-
tion computer, the job schedule unit 38 refers to the job
information table 30, creates the request response table 62 for
the execution computer, to which the job request has been
issued, and executes a schedule in accordance with the con-
tent of the created request response table 62.

Next, the entire processing content of the management
computer 12 will be explained with reference to a flowchart in
FIG. 15.

Firstly, the job input unit 12 for the management computer
12 inputs a grid job based on the user’s operation (S61).

Subsequently, the data division unit 34 for the management
computer 12 divides the grid job, which has been input to the
job input unit 32, into a plurality of divided jobs (S62) and
terminates the processing in this routine.

Next, processing of the job input unit for the management
computer 12 will be explained with reference to a flowchart in
FIG. 16.

This processing is started by activation of the job input unit
32 by the CPU.

When a grid job is input based on the user’s operation, the
job input unit 32 registers the input grid job as job information
in the job information table 30 (S71). Examples of the job
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information in this case can be a grid job name, the number of
divisions, and a program name.

Next, processing of the data division unit for the manage-
ment computer 12 will be explained with reference to a flow-
chart in FIG. 17.

This processing is started by activation of the data division
unit 34 by the CPU.

The data division unit 34 refers to the job information table
30, acquires the job information registered in the job infor-
mation table 30 (S81), and divides the data by the number of
divisions included in the acquired job information, for
example, by 100 (S82).

Next, the data division unit 34 associates the divided data
with the program included in the job information and registers
them in the job information table 30 (S83), and terminates the
processing in this routine.

The job information in this case includes the grid job name,
the number of divisions, the divided job name, and the pro-
gram name.

Next, the data division method and the divided job genera-
tion method will be explained with reference to FIG. 18.

When a grid job is input to the job input unit 32, the job
input unit 32 registers a program 70 for processing the grid
job and master data 72 included in the grid job in the job
information table 30.

Subsequently, the data division unit 34 divides the master
data 72 by the input number of divisions into, for example, n
pieces, associates each piece of divided data 74 with the
program 70, and registers them in the job information table
30.

When this happens, the data division unit 34 divides the
grid job into a plurality of divided jobs, associates each
divided job with the program 70 and registers them in the job
information table 30, and also associates each piece of data 74
with the program 70 and registers them in the job information
table 30.

Next, processing of the job monitoring unit 36 for the
management computer 12 will be explained with reference to
a flowchart in FIG. 19.

This processing is started by activation of the job monitor-
ing unit 36 by the CPU.

The job monitoring unit 36 activates the timer, measures
the activation time of the timer as execution time (S91), and
acquires the job information registered in the job information
table 30 from the job information table 30 (S92). The job
information in this case is all pieces of information registered
in the job information table 30.

Next, during the process of monitoring a divided job
requested from the execution computer, the job monitoring
unit 36 judges whether or not it has received a termination
notice as information about the divided job which is a target
to be monitored (S93).

If it is determined in step S93 that the job monitoring unit
36 has received the divided job termination notice, the job
monitoring unit 36 acquires the job information from the job
information table 30 (S94) and judges the schedule status of
the divided job which is a target to be managed (S95).

If the schedule status of the target divided job to be moni-
tored is “TRUE” in step S95, the job monitoring unit 36
proceeds directly to processing in step S97. If the schedule
status of the target divided job to be monitored is “RUN”
(active), the job monitoring unit 36 changes the schedule
status in the job information table 30 from “RUN"to “TRUE”
on condition that it has received the divided job termination
notice (S96); and then the job monitoring unit 36 proceeds to
the processing in step S97.
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Furthermore, if the job monitoring unit 36 obtains a nega-
tive judgment result in step S93, that is, if the job monitoring
unit 36 determines that it has not received the divided job
termination notice, the job monitoring unit 36 proceeds to the
processing in step S97.

In step S97, the job monitoring unit 36 judges whether the
current time is smaller than the scheduled termination time,
based on the activation time of the timer, and if the job
monitoring unit 36 obtains a negative judgment result in step
S97, that is, if the current time is smaller than the scheduled
termination time, the job monitoring unit 36 returns to the
processing in step S91 and repeats the processing from step
S91 to step S96.

On the other hand, if the job monitoring unit 36 obtains an
affirmative judgment result in step S97, that is, if the current
time exceeds the scheduled termination time, the job moni-
toring unit 36 fetches a divided job corresponding to the
divided job name from the job information table 30, sets the
schedule status corresponding to the fetched divided job to
“FALSE” (S98), then returns to the processing in step S91,
and repeats the processing from step S91 to S98.

In step S98, the job monitoring unit 36 sets the schedule
status of a divided job in an unscheduled state among divided
jobs, which become targets to be monitored, to “FALSE”

Next, processing of the job schedule unit will be explained
with reference to a flowchart in FIG. 20.

This processing is started by activation of the job schedule
unit 38 by the CPU.

The job schedule unit 38 activates the timer, measures the
activation time of the timer as execution time (S101) and
judges whether job schedule time t is smaller than (current
time—time which was scheduled last time) or not (S102).

If the job schedule unit 38 obtains a negative judgment
result in step S102, that is, if the activation time of the timer
does notreach the job schedule time t, the job schedule unit 38
returns to the processing in step S101 and repeats the pro-
cessing from steps S101 and S102.

On the other hand, if the job schedule unit 38 obtains an
affirmative judgment result in step S102, that is, if the activa-
tion time of the timer exceeds the job schedule time t, the job
schedule unit 38 fetches all pieces of information registered in
the divided job request table 64 sent from each execution
computer (S103) and rearranges job requests of each execu-
tion computer in the order of throughput based on throughput
values registered in the divided job request table 64 (S104).

Subsequently, the job schedule unit 38 fetches the number
of requested divided jobs from the divided job request table
64 with the highest throughput value (S105).

Next, the job schedule unit 38 fetches a divided job corre-
sponding to the divided job name from the job information
table 30 and sets the schedule status corresponding to the
fetched divided job from “RUN” to “TRUE” (S106).

Then, the job schedule unit 38 acquires information about
the divided job corresponding to the divided job name from
the job information table 30 (S107) and fetches a divided job,
whose schedule status is “FALSE,” among the acquired infor-
mation (S108).

Subsequently, the job schedule unit 38 acquires scheduled
time as information about termination time of the divided job
from the divided job request table 64 and calculates scheduled
termination time of the divided job based on the acquired
scheduled time (S109).

Next, the job schedule unit 38 registers the calculated
scheduled termination time in the job information table 30
with respect to the divided job whose schedule status is set to
“FALSE” (5110).
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Then, the job schedule unit 38 associates data of the
divided job, whose schedule status is “FALSE,” with the
program and creates the request response table 62 for each
execution computer and sends the content of the created
request response table 62 to the job execution unit 50 for each
execution computer (S111).

Subsequently, the job schedule unit 38 judges whether a
divided job requestis issued from each execution computer or
not (S112); and if the job schedule unit 38 obtains an affir-
mative judgment result in step S112, that is, if the divided job
request is issued from each execution computer, the job
schedule unit 38 returns to step S106 and repeats the process-
ing from step S106 to step S112.

On the other hand, if the job schedule unit 38 obtains a
negative judgment result in step S112, that is, if the divided
job request is not issued from each execution computer, the
job schedule unit 38 returns to the processing in step S101 and
repeats the processing from step S101 to step S112 to execute
the next processing.

Under this circumstance, the job schedule unit 38 manages
the scheduled termination time when the execution of the
relevant divided job terminates at the execution computer, to
which the divided job is assigned, and the schedule status
indicating whether the divided job is assigned to each execu-
tion computer or not, by associating them with each other;
and on condition that the job schedule unit 38 receives the
divided job termination notice before the scheduled termina-
tion time from each execution computer 14, 16, 18, the job
schedule unit 38 assigns a divided job, whose schedule status
is an unassigned state (a divided job including divided data
which is set to FALSE), to the execution computer which has
sent the divided job termination notice.

Furthermore, if any execution computer incapable of send-
ing the divided job termination notice before the scheduled
termination time exists among the execution computers 14,
16, 18, the job schedule unit 38 can assign a divided job,
which should be assigned to that execution computer, to the
execution computer, which sent the divided job termination
notice, before the scheduled termination time.

Next, processing for distributing a divided job to each
execution computer will be explained with reference to FIG.
21.

When each execution computer 14, 16, 18 executes a
divided job(s) every specified period of time (sec), each
execution computer 14, 16, 18 requests the divided job(s)
from the management computer 12 based on, for example, the
multiplicity.

For example, in a case of the multiplicity of each execution
computer 14, 16, 18 is 1 (numerical value within parentheses)
as illustrated in FIG. 21, each execution computer 14, 16, 18
requests one divided job from the management computer 12
as a divided job scheduled to execute. In this case, the man-
agement computer 12 assigns one divided job to each execu-
tion computer 14, 16, 18, so that three divided jobs are dis-
tributed and assigned to the execution computers 14, 16, 18.

As a result, during first time, each execution computer 14,
16, 18 executes one divided job and, therefore, an accumu-
lated total of the executed divided jobs becomes 3.

Regarding second execution time, the multiplicity of the
execution computer 14 is 3 and the multiplicity of the execu-
tion computers 16, 18 is 2, so that the execution computers 14,
16, 18 request seven divided jobs from the management com-
puter 12. In this case, the management computer 12 assigns
three divided jobs to the execution computer 14 and assigns
two divided jobs to each of the execution computers 16, 18.
As aresult, seven divided jobs are distributed and assigned to
the execution computers 14, 16, 18.
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Accordingly, during the second time, the execution com-
puter 14 executes three divided jobs and each of the execution
computers 16, 18 executes two divided jobs, so that an accu-
mulated total of the executed divided jobs becomes 10.

Such processing is executed from the first time to the
eleventh time; and if the execution computer 14 executes 54
divided jobs (1, 3, 4, 5, 5, 6, 6, 6, 6, 7, 5=54), the execution
computer 16 executes 27 divided jobs (1, 2,2, 2, 3,3, 3,3, 4,
4=27), and the execution computer 18 executes 19 divided
jobs (1,2,2,2,2,2,2,2,2,2=19), the accumulated total of the
executed divided jobs becomes 100.

Specifically speaking, if the management computer 12
divides a grid job into 100 divided jobs, each execution com-
puter 14, 16, 18 requests the divided jobs from the manage-
ment computer 12 according to the multiplicity, the manage-
ment computer 12 distributes and assigns the requested
divided jobs to each execution computer 14, 16, 18, and each
execution computer 14, 16, 18 executes the assigned divided
jobs from the first time to the eleventh time, so that a total of
100 divided jobs can be executed.

Furthermore, during the eleventh execution time, the mul-
tiplicity of the execution computer 14 is 8, the multiplicity of
the execution computer 16 is 4, and the multiplicity of the
execution computer 18 is 3, so that the execution computers
14, 16, 18 request 15 divided jobs from the management
computer 12.

Since the remaining number of divided jobs which should
be processed in this case is 5, the management computer 12
assigns five divided jobs as the requested divided jobs to only
the execution computer 14 whose multiplicity is 8 and which
has the largest multiplicity. Specifically speaking, during the
eleventh execution time, the management computer 12
assigns the divided jobs to only the execution computer 14
with the highest processing power. Incidentally, during the
eleventh execution time, the management computer 12 may
assign, for example, three divided jobs to the execution com-
puter 14 and one divided job to each of the execution com-
puters 16, 18.

Next, FIG. 22 illustrates a display example for a monitor
screen for monitoring the number of simultaneously executed
jobs at each execution computer.

Referring to FIG. 22, a monitor screen 80 is configured as,
for example, a display screen of an output device for each
execution computer 14, 16, 18. The monitor screen 80 dis-
plays a graph 82 whose horizontal axis is execution time (sec)
and whose vertical axis is the number of executed jobs, by
associating it with the execution computers 14, 16, 18.

The graph 82 is composed of a graph 84 for the execution
computer 14, a graph 86 for the execution computer 16, and a
graph 88 for the execution computer 18.

Each gram 84, 86, 88 represents a transitional change of the
number of executed jobs when the respective execution com-
puters 14, 16, 18 execute jobs at the same time. Under this
circumstance, the graphs 84, 86, 88 are displayed with difter-
ent colors associated with the respective execution computers
14,16, 18.

An execution status table 90 indicating the execution status
of each execution computer 14, 16, 18 is displayed in a
display area below the graph 82. The table 90 is constituted
from an execution computer name 92, a requested divided job
94, a throughput value 96, the number of executed jobs 98,
and scheduled time (sec) 100 and this execution status table
90 displays information of the execution status table 60.

The number of divided jobs requested from each execution
computer 14, 16, 18 can be recognized and also the through-
put value, the number of executed jobs, and the scheduled
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time (sec) can be recognized by checking the display content
of the execution status table 90.

Moreover, the transitional change of the number of
executed jobs by each execution computer 14, 16, 18 as well
as the execution time (sec) can be recognized by checking the
display content of the graphs 84 to 88.

According to this embodiment, the load on the manage-
ment computer 12 can be reduced even when divided jobs are
assigned simultaneously to each execution computer 14, 16,
18.

Moreover, according to this embodiment, the management
computer 12 can assign more divided jobs to the execution
computer whose number of requested divided jobs (the num-
ber of requested divided jobs) is large. As a result, it is pos-
sible to enhance the number of divided jobs to be processed
by the entire computer system without having the load con-
centrated on the management computer 12.

Furthermore, the management computer 12 manages the
execution time and the scheduled termination time of each
divided job; and if the termination notice is not received from
the execution computer, which executes a certain divided job,
even after the scheduled termination time, the schedule status
of'the job information table 30 is set to FALSE and a divided
job to be assigned to the execution computer, from which the
termination notice has not received (the execution computer
where a failure has occurred), is assigned to another execution
computer. As a result, even if a failure occurs at any of the
execution computers, the divided job can be executed with
certainty by the execution computer in a normal state.

Incidentally, the present invention is not limited to the
aforementioned embodiments and includes variations. For
example, the functions of the management computer 12 can
be added to any of the execution computers 14, 16, 18.

Furthermore, this embodiment has explained an example
in which the management computer 12 and the execution
computers 14, 16, 18 are used as physical computers; how-
ever, the present invention can be also applied to a configu-
ration in which all or part of them is mounted as a virtual
computer(s) on one or more physical computers.

Furthermore, it is also possible to display the monitor
screen 80 on the output device for each execution computer
14, 16, 18, also display a monitor screen on an output device
for the management computer 12, display a transitional
change of the number of executed jobs in association with the
execution time on this monitor screen, and display the content
of' the table 90 having, for example, the number of requested
divided jobs and the throughput value.

Furthermore, part or all of the aforementioned configura-
tions, functions, processing units, processing means, and so
on may be realized by hardware by, for example, designing
them in integrated circuits. Also, each of the aforementioned
configurations, functions, and so on may be realized by soft-
ware by processors interpreting and executing programs for
realizing each of the functions. Information such as pro-
grams, tables, and files for realizing each of the functions may
berecorded and retained in memories, storage devices such as
hard disks and SSDs (Solid State Drives), or storage media
such as IC (Integrated Circuit) cards, SD (Secure Digital)
memory cards, and DVDs (Digital Versatile Discs).

For example, a divided job processing program for having
a management computer, which divides a job into a plurality
of divided jobs and manages them (the management com-
puter 12), and each object computer, among a plurality of
object computers (the execution computers 14, 16, 18), for
executing divided jobs, which are assigned by the manage-
ment computer, among the plurality of divided jobs realize
the following functions can be recorded as a program in a
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storage medium: a function that measures the load on each
object computer, a function that generates a job request
including information about the number of the divided jobs
based on the measured bad; a function that sends the gener-
ated job request to the management computer, and a function
that assigns the divided job(s) to each object computer
according the received job request when the management
computer receives the job request from each object computer.

REFERENCE SIGNS LIST

10 computer system, 12 management computer, 14, 16, 18
execution computers, 20 network, 30 job information table,
32 job input unit, 34 data division unit, 36 job monitoring unit,
38 job schedule unit, 40 execution status table, 42 computer
information table, 44 job request unit, 46 multiplicity mea-
surement unit, 48 load status measurement unit, 50 job execu-
tion unit, 60 execution status table, 62 request response table,
and 64 divided job request table.
The invention claimed is:
1. A computer system comprising a management com-
puter, among a plurality of computers, for dividing a job
including data and a program for processing the data into a
plurality of divided jobs and managing them, and a plurality
of execution computers for executing divided jobs assigned
by the management computer among the plurality of divided
jobs,
wherein each execution computer generates a job request
including information about a number of the divided
jobs based on a load on each execution computer and
sends the generated jobs request to the management
computer; and
wherein when the management computer receives the ob
request from each execution computer, it assigns a
divided job to each execution computer according to the
number of divided jobs included in the job request,

wherein each execution computer measures a throughput
value indicating the number of divided jobs, which can
be processed per unit time, and a number of executed
jobs indicating the number of divided jobs to be
executed, respectively as the load for each load status
observation time; decides multiplicity indicating the
number of divided jobs, which can be executed simulta-
neously by each execution computer, based on the mea-
sured throughput value; calculates a difference between
the decided multiplicity and a measured number of
executed jobs; adds the calculated difference as a num-
ber of requested divided jobs to the job request; and
sends the job request, to which the number of requested
divided jobs is added, collectively to the management
computer.

2. The computer system according to claim 1, wherein each
execution computer: measures the throughput value for each
load status observation time; decides latest multiplicity as a
value increased from the multiplicity decided for previous
load status observation time if the measured throughput value
tends to increase from the throughput value measured at the
previous load status observation time; and decides the latest
multiplicity as a value decreased from the multiplicity
decided for the previous load status observation time if the
measured throughput value tends to decrease from the
throughput value measured at the previous load status obser-
vation time.

3. The computer system according to claim 1, wherein each
execution computer measures at least one of the following as
the load: a throughput value indicating the number of divided
jobs which can be processed per unit time by a CPU for
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executing processing on the divided jobs; a CPU activity ratio
indicating an activity ratio of the CPU when executing pro-
cessing on at least the divided jobs; a memory activity ratio
indicating an activity ratio of a memory used by the CPU
when executing the processing on the divided jobs; and an I/O
activity ratio indicating an activity ratio of the CPU when
executing data input/output processing.

4. The computer system according to claim 1, wherein each
execution computer adds alatest throughput value, among the
throughput value measured at each load status observation
time, to the job request; and

wherein the management computer decides an execution

computer, to which the divided jobs are to be assigned, in
descending order of the latest throughput value added to
the job request.
5. The computer system according to claim 1, wherein the
management computer assigns as many divided jobs as the
number of requested divided jobs added to the job request to
each execution computer.
6. A computer system comprising a management com-
puter, among a plurality of computers, for dividing a job
including data and a program for processing the data into a
plurality of divided jobs and managing them, and a plurality
of execution computers for executing divided jobs assigned
by the management computer among the plurality of divided
jobs,
wherein each execution computer generates a job request
including information about a number of the divided
jobs based on a load on each execution computer and
sends the generated job request to the management com-
puter; and
wherein when the management computer receives the job
request from each execution computer, it assigns a
divided job to each execution computer according to the
number of divided jobs included in the job request,

wherein when each execution computer terminates execut-
ing a divided job assigned from the management com-
puter, it sends a termination notice of the divided job to
the management computer; and

wherein the management computer manages scheduled

termination time when the execution computer to which
the divided job is assigned terminates executing the
divided job, and a schedule status, which indicating
whether the divided job is assigned to any of the execu-
tion computers or not, by associating them with the
divided job;

wherein on condition that the management computer has

received the termination notice of the divided job from
each execution computer before the scheduled termina-
tion time, the management computer assigns a divided
job, whose schedule status is indicated as unassigned, to
the execution computer which has sent the termination
notice of the divided job; and

wherein if any execution computer incapable of sending

the termination notice of the divided job before the
scheduled termination time exists among any of the
execution computers, the management computer
assigns a divided job, which should be assigned to that
execution computer, to the execution computer, which
has sent the termination notice of the divided job, before
the scheduled termination time.

7. The computer system according to claim 1, wherein
during a process of executing divided jobs assigned from the
management computer, each execution computer displays, on
a monitor screen, a transitional change of the measured num-
ber of executed jobs in association with execution time to
execute the divided jobs and also displays, on the monitor
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screen, the calculated number of requested divided jobs and
the measured throughput value by associating them with each
execution computer.

8. A divided job processing method for a computer system
having a management computer, among a plurality of com-
puters for dividing a job including data and a program for
processing the data into a plurality of divided jobs and man-
aging them, and a plurality of computers for executing
divided jobs assigned by the management computer among
the plurality of divided jobs,

the divided job processing method comprising;

a generation step executed by each execution computer
generating a job request including information about a
number of the divided jobs based on a load on each
execution computer;

a transmission step executed by each execution computer
sending the generated job request to the management
computer; and

an assignment step executed by the management computer,
upon receipt of the job request from each execution
computer, assigning a divided job to each execution
computer according to the received job request,

wherein in the generation step, each execution computer
measures a throughput value indicating the number of
divided jobs, which can be processed per unit time, and
a number of executed jobs indicating the number of
divided jobs to be executed, respectively as the load for
each load status observation time; decides multiplicity
indicating the number of divided jobs, which can be
executed simultaneously by each execution computer,
based on the measured throughput value and calculates a
difference between the decided multiplicity and a mea-
sured number of executed jobs; adds the calculated dif-
ference as a number of requested divided jobs to the job
request; and

wherein in the transmission step, each execution computer
sends the job request, to which the number of requested
divided jobs is added, collectively to the management
computer.

9. The divided job processing method according to claim 8,
wherein in the generation step, each execution computer:
measures the throughput value for each load status observa-
tion time; decides latest multiplicity as a value increased from
the multiplicity decided for previous load status observation
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time if the measured throughput value tends to increase from
the throughput value measured at the previous load status
observation time; and decides the latest multiplicity as a value
decreased from the multiplicity decided for the previous load
status observation time if the measured throughput value
tends to decrease from the throughput value measured at the
previous load status observation time.
10. The divided job processing method according to claim
8, wherein in the generation step, each execution computer
measures at least one of the following as the load: a through-
put value indicating the number of divided jobs which can be
processed per unit time by a CPU for executing processing on
the divided jobs; a CPU activity ratio indicating an activity
ratio of the CPU when executing processing on at least the
divided jobs; a memory activity ratio indicating an activity
ratio of a memory used by the CPU when executing the
processing on the divided jobs; and an I/O activity ratio indi-
cating an activity ratio of the CPU when executing data input/
output processing.
11. The divided job processing method according to claim
8, wherein in the generation step, each execution computer
adds a latest throughput value, among the throughput value
measured at each load status observation time, to the job
request; and
wherein in the assignment step, the management computer
decides an execution computer, to which the divided
jobs are to be assigned, in descending order of the latest
throughput value added to the job request.
12. The divided job processing method according to claim
8, wherein in the assignment step, the management computer
assigns as many divided jobs as the number of requested
divided jobs added to the job request to each execution com-
puter.
13. The divided job processing method according to claim
8, further comprising a step executed by each execution com-
puter, during a process of executing divided jobs assigned
from the management computer, displaying, on a monitor
screen, a transitional change of the measured number of
executed jobs in association with execution time to execute
the divided jobs and also displaying, on the monitor screen,
the calculated number of requested divided jobs and the mea-
sured throughput value by associating them with each execu-
tion computer.



